The normal value of alpha angle is controversial. The aim of this study was to compare the alpha angle in asymptomatic volunteers versus patients who had undergone surgery for symptomatic cam-type femoroacetabular impingement (FAI) and determine a diagnostic cut-off value for symptomatic cam impingement. This is a diagnostic test study. Cases were defined as those patients who had undergone surgery for symptomatic cam or mixed type FAI. Controls were defined as asymptomatic volunteers, with no history of hip pain who had undergone a computed tomography (CT) scan of the abdomen and pelvis for a non-joint or bone-related reason. In both groups, the alpha angle was measured in an oblique axial CT reconstruction of the femoral neck. A logistic regression model was first estimated and a receiver operating characteristics (ROC) curve was then calculated. The diagnostic cut-off value selected was the one that maximizes sensitivity and specificity. as the diagnostic cut-off value, provided a sensitivity of 92% and a specificity of 95%. If a patient complains of hip pain and an alpha angle of 57 is found in CT, strongly suggest that cam impingement is causing the pain.
INTRODUCTION
Femoroacetabular impingement (FAI) is an anatomic and functional condition that results in a mechanical conflict in the hips, producing pathological contact between the acetabulum and the femoral head-neck junction. This can lead to labral-chondral injury, pain and limited range of motion. Some authors have suggested a relationship between FAI deformity and the subsequent development of osteoarthritis [1, 2] . Three types of FAI have been described: pincer, cam and mixed. Pincer FAI is characterized by focal or general overcoverage of the femoral head by the acetabulum, while cam-type FAI is characterized by the presence of an aspherical portion of the femoral head-neck junction. The mixed type is diagnosed when both types of impingements are found [3, 4] .
The alpha angle is a radiological measure that has been proposed for the diagnosis and evaluation of surgical treatment in cam type FAI (Figs. 1 and 2) [5] . The normal value of the angle is controversial; even more so is the value to be considered pathological. First described in 2002, Notzli et al. [6] suggested that the pathological value was greater than 50
. In this study, the alpha angle was measured using magnetic resonance imaging (MRI). Tannast et al. [7] , in a review published in 2007, proposed the same cut-off value, but with computed tomography (CT).
In 2005, Beaulé et al. [8] proposed a cut-off value of 50
. The study compares alpha angle, measured in CT, between symptomatic and asymptomatic individuals. Five years later, the same author published an article, in which, the average alpha angle, measured in MRI, was 50. 15 in , respectively, have to be considered pathological; only asymptomatic volunteers were included in both studies [5, 10] .
In an earlier performed study by the current group, we found that a cut-off value of 50 using CT would characterize 28% of the asymptomatic population as pathological [11] . Lastly Pollard et al. [12] , in 2010 using radiographs, established that the average normal value of the alpha angle is 47. 5 , with a 95% confidence interval of 46-49 . The initial studies that set pathological cut-off values between 50 and 55 for the alpha angle have been invalidated by later studies performed on healthy populations, in which greater values for the alpha angle have been found in asymptomatic volunteers. In addition, those initials studies lacked the appropriate statistical methodology to determine cut-off values for diagnostic tests [13, 14] . The aim of this study was to compare measurements of the alpha angle in asymptomatic volunteers and patients who had undergone surgery for symptomatic cam-type FAI and determine a diagnostic cut-off value using a regression model and ROC curve.
MATERIALS AND METHODS
A case-control type diagnostic test study was designed and approved by our institution's ethics review board. All participants provided informed consent. Cases were defined as patients who had undergone arthroscopy surgery for symptomatic FAI in our institution between 2011 and 2012. Controls were defined as patients with no history of hip pain who underwent a CT scan for a non-joint or bone-related reason.
Patients that met inclusion criteria for cases were those who presented hip pain referred to the inguinal region, a positive flexion-adduction-internal rotation (FADIR) test on physical examination and a positive lidocaine test, and subsequently underwent surgical treatment via hip arthroscopy. For the lidocaine test, a radiologist, who specializes in the musculoskeletal area, injected 3 cc of 5% lidocaine directly into the hip under an ultrasound guide. A FADIR test was performed before and after the injection, and was considered positive when the patient subjectively experienced a 50% pain decrease in a visual analogue scale. In addition, inclusion in the study required the presence of an intraoperative cam type FAI pathomorphology and osteochondroplasty procedure performed. Exclusion criteria were previous hip surgeries, history of hip dysplasia and patients in whom surgical procedures were performed only in the acetabulum during arthroscopy. A retrospective review of clinical records was conducted using the above inclusion and exclusion criteria to identify cases for this study.
The control population consisted of individuals who consulted in our institution for a non-joint or bone-related reason, and who required an abdominal and pelvic CT for diagnosis. Prior to enrolment, volunteers completed a questionnaire, which included asking for current or past history of hip-related pain or hip surgery. Any positive answer led to the volunteer being excluded from the study. Recruitment of controls was conducted prospectively during 2012.
All CT scans were performed in our institution. CT images were obtained using a SOMATOM Sensation 64 Siemens equipment. The acquisition protocol used a 1.5-mm section thickness with a 0.3-mm interval reconstruction. Information was reprocessed to multi-planar reconstructions of 3 mm. In both cohorts, the alpha angle was measured in an oblique axial CT reconstruction of the femoral neck, in the anterolateral region at 1:30. In this location, the neck was divided into thirds, the measurement was taken in the middle third. Only the affected hip was measured in cases, while controls underwent measurement of both hips, with the average of the left and right hip recorded. Measurements were performed in both groups by the chief musculoskeletal radiology (J.D.) of our institution. No analysis of interobserver and intraobserver agreement was made. Figures 1 and 2 show two examples of the femoral alpha angle measurement performed in the study.
STATISTICAL ANALYSIS
Descriptive analysis was first conducted, and average and standard deviations of the alpha angle of both groups were reported. In the second step, a logistic regression model was estimated, in which the presence of FAI (case/control) was used as the dependent variable and the alpha angle measurement as the independent variable. A HosmerLemeshow goodness-of-fit test was done to test logistic regression assumptions (this is considered appropriate if P > 0.15). The receiver operating characteristics (ROC) curve was calculated to determine the discrimination capacity. The area under the curve was interpreted according to Hosmer and Lemeshow recommendations (Table I ) [14] . Finally, probabilities associated with each cut-off value of the alpha angle were calculated, with the value that maximized sensitivity and specificity selected as the diagnostic cut-off value [13, 15] . A significance level of 0.05 was established and 95% confidence interval was reported. All analyses were performed using Stata v11.2 (StataCorp LP, College Station, TX, USA). (Fig. 3) , which means an excellent discrimination level (Table I ). An alpha angle of 57 maximized sensitivity (92%) and specificity (95%), and correctly classified 94% of patients in this study. Table III shows the sensitivity and specificity estimated by the regression model at 50, 57, 60 and 65 degrees of alpha angle.
RESULTS
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DISCUSSION
The alpha angle has been frequently cited as a measure of cam-type FAI. However, there are controversies in the contemporary literature regarding the ability of this angle to discriminate between asymptomatic and symptomatic individuals, and even more controversy regarding the cut-off value that defines cam-type FAI. In a study published in 2002, Notzli et al. [6] included 39 patients with hip symptoms, positive physical exam and positive MRI for camtype FAI and compared those patients with 40 controls. However, this study only showed that both groups had different average values for the alpha angle, with the authors suggesting that an angle >50 should be used as the cutoff value. In 2005, Beaulé et al. [8] published a retrospective study that included 30 patients who had undergone surgery for cam-type FAI and 12 healthy individuals. The alpha angle was measured using CT and the selected cutoff value was 50.5 because that gave 100% specificity to the sample. It should be noted that there was only one control every three cases, and the methodology for choosing the cut-off value was based on a descriptive analysis without an estimated model such as logistic regression. In a retrospective review of 2803 anteroposterior radiographs, Gosvig et al. [16] suggested a pathological value of 83 for men and 57 for women. These values were set using two standard deviations above the mean. However, the medical reasons to request the radiographs were not mentioned in the article; as the radiographies were retrospectively reviewed, no clinical elements were used for inclusion or exclusion criteria and some patients who were included had osteoarthritis. In addition, the use of the standard deviation is not the most accurate method to determine a diagnostic cut-off value.
Allen et al. [10] , in a study that included 113 individuals, found that an alpha angle of 60 has an odds ratio of 2.59 of having hip pain. Nonetheless, the odds ratio of this study was calculated respecting the contralateral hip of the same individual; in others words, the contralateral asymptomatic hip was used as the control group. Theoretically, this assumption is wrong for morphological analysis; it cannot be assumed that the left and right hips provide independent observations, taking into account the fact that both have the same genetic basis, makes findings difficult to interpret.
Sutter et al. [17] performed a study that included 53 asymptomatic individuals and 53 patients with symptomatic cam-type FAI. They measured the alpha angle in radially reformatted MRI images, assessing the contour of the head-neck junction. They found that a diagnostic cut-off value of 60 in the anterolateral region had a sensitivity of 72-76% and specificity of 73-80%. This finding is similar to that reported in this study, stating that the cut-off value is greater than the 50 -55 suggested by earlier studies. However, measurement of the alpha angle in radians, as performed by Sutter et al., is mostly used for investigative purpose and not in clinical practice. In addition, Sutter et al. used a control/case ratio of only 1; in contrast, we used three times more controls than cases to determinate the cut off value. Finally, to discriminate patients with pincer-type FAI from those with cam or mixed type FAI, Sutter et al. used an alpha angle of <55 as an exclusion criteria for patients (cases) with symptomatic FAI. In this study, the exclusion was made on the basis of the arthroscopic finding of a bump. This must be taken into account as a potential source of bias, as Sutter et al. used an outcome of the study as a criteria for inclusion or exclusion. We think that the most important finding of Sutton et al. study is that the anterolateral region is the area with better discrimination (the same region where we perform our single measurement), nevertheless the cut-off value can be overestimated as they exclude patients based on the alpha angle measurement. A strength of this study is that the recruitment of healthy individuals (controls) was prospective, measuring the alpha angle with CT scanning with no unnecessary radiation. Furthermore, we recruited a case/control ratio of 3:1, which, we believe, gives the study greater reliability.
As the proportion of female/male was different between groups we conducted a Fisher exact test to determine if this difference was significant. A P value of 0.13 was obtained, meaning that it was not statically significant (Table  II) . Secondly, in an earlier performed study by the current group, alpha angle measurement in healthy people was not associated with gender, weight, height or age [18] .
Another important strength is that the cases presented symptoms, physical examination and an intraarticular lidocaine test consistent with cam-type FAI. Finally, the use of a logistic regression model is a valid methodology to obtain diagnostic cut-off points for a pathology [13, 14] . Another strength of the study is that no difference in Wiberg angle was found between both cohorts, so pincer has little influence in the hip pain of the case groups.
The lack of analysis of inter or intraobserver agreement is an important issue in this study. The same author (J.D.), who is the chief of musculoskeletal radiology at our institution, performed all measurements for both cohorts. Taking this into consideration, we can say that the measurements were performed by a highly trained observer, and if any measurement error exists, it is a systematic error. Moreover, beyond the radiology report of the measurement, he did not participate in the clinic's decision whether the patients should or should not need hip arthroscopy.
A weakness of this study is that the cases were recruited retrospectively. It must be noted that in our institution, patients who undergo hip arthroscopy have a special sheet in their clinic record that states symptom location, physical examination findings, CT measurements and arthroscopy findings. However, as patients were included retrospectively, we cannot assess how the angle measured influenced the indications for the procedure and the indication for osteochondroplasty. Another weakness is that control volunteers were recruited without a physical examination of the hip.
We are aware of alpha angle measurement limitations. As FAI is a dynamic condition, asymptomatic individuals could have a high alpha angle, but no pain, only because the patient does not place CAM pathomorphology in risk with an activity that use extreme hip range of motion [19, 20] . On the other hand, the measurement on CT scan was only a single measurement and multiple measurements along the femoral head-neck junction may add further diagnostic ability [7] .
CONCLUSION
The alpha angle value measured in an oblique CT reconstruction of the femoral neck has a high discriminating capacity for the diagnosis of symptomatic cam-type FAI. If a patient complains of hip pain and an alpha angle of 57 is found in CT, strongly suggest that cam impingement is causing the pain.
